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Description 

Background of the Invention 

The present invention relates to a polypropylene film and more particularly to a polypropylene film 
having high transparency and heat-sealability and superior in the balance between stiffness (tensile 
modulus) and impact resistance. 

Polypropylenes are superior in mechanical characteristics and also superior in transparency, resistance 
to heat and chemicals and processability, so polypropylene films have heretofore been used widely in the 
packaging field. 

On the other hand, with the recent diversification of the life mode, the quality of diet has changed and 
the necessity of a long-period preservation of foods has been increasing to a greater extent. At the same 
time, the occasion of handling packaged foods at low temperatures has become more frequent. Under the 
circumstances, polypropylene film having the aforementioned characteristics is one of the most useful 
materials for packaging use. However, polypropylenes and especially a homopolymer of propylene are 
weak in impact resistance at low temperatures although they are superior in mechanical characteristics and 
transparency, and thus they are not satisfactory for packaging use. 

In order to remedy this drawback there have been proposed various methods such as the addition of 
rubber component of rubber component to a polypropylene (Japanese Patent Publication No. 7088/1960), 
the addition of polyethylene thereto (Japanese Patent Publication No. 6975/1962), or the addition of a small 
amount of ethylene during the polymerization of propylene, allowing a random copolymerization of 
propylene and ethylene to take place (Japanese Patent Publication No. 11230/1968). 

With such proposed methods, however, mechanical characteristics, especially tensile modulus, as well 
as transparency are adversely affected although the impact resistance is improved, and so it has been 
difficult to obtain a fully satisfactory performance. » 

It has been suggested in EP-A-0168129 that a polypropylene composition can be prepared having 
superior clarity and low-temperature impact resistance by combining 65 wt% to 95 wt% crystalline 
polypropylene with 5 wt% to 35 wt% of an ethylene-propylene random copolymer having higher than 70 
wt% of ethylene. 

It is the object of the present invention to remedy the above-mentioned impact resistance without 
adversely affecting mechanical characteristics and transparency. 

Summary of the Invention 

Having made extensive studies for achieving the aforesaid object, the present inventors found out that 
by using a polypropylene composition comprising a polypropylene and a specific ethylene/a-olefin 
copolymer there can be obtained a film which retains high tensile modulus and transparency and has 
improved impact resistance. 

More specifically, the present invention provides a polypropylene film comprising a) 95-99.5 wt% of a 
propylene polymer having a melt flow rate of from 0.1 to 30 g/min and b) 0.5-5 wt% of an ethylene/a-olefin 
copolymer prepared by the copolymerization of ethylene and an o-olefin having a 4 to 12 carbon atoms, the 
ethylene/a-olefin copolymer satisfying the following conditions (i) to (iii): 

(i) a density of 0.860 to 0.910 g/cm 3 ; 

(ii) a maximum peak temperature of not lower than 100*C as measured by differential scanning 
calorimetry (DSC); and 

(iii) an insolubles content in boiling n-hexane of not lower than 10 wt%. 
Brief Description of the Drawing 

Fig. 1 is a graph showing DSC measurement of ethylene copolymers. 
Detailed Description of the Invention 

The contents of the present invention will be described in detail hereinunder. 

As the polypropylene polymer a) used in the present invention there may be used a homopolymer of 
propylene, or a block or random copolymer of propylene as a main component with another a-olefin. For 
good mechanical strength and transparency, a homopolymer of propylene is preferred. 
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The melt flow rate (hereinafter referred to as "MFR") of the above propylene polymer is in the range of 
0.1 to 30 g/10 min, preferably 1 to 20 g/10 min, more preferably 1 to 10 g/10 min. If the MFR thereof is 
smaller than 0.1 g/10 min, its fluidity in a molten state is poor, requiring an increased screw power in an 
extruder; besides, there will occur surface roughness of the obtained film, so such low MFR value is not 
5 desirable. An MFR value exceeding 30 g/ 10 min is not desirable, either, because it would cause 
deterioration in the mechanical strength of the obtained film. 

The ethylene/a-olefin copolymer b) used in the present invention is a copolymer of ethylene and an a- 
olefin having 4 to 12 carbon atoms and it satisfies the foregoing conditions (i)-(iii). As examples of such a- 
olefin there are mentioned 1-butene, 4-methyM-pentene, 1-hexene, 1-octene, 1-decene and 1-dodecene. It 

70 is preferable that the o-olefin content of the ethylene/a-olefin copolymer be in the range of a 5 to 40 mol%. 
The following description is provided about how to prepare the ethylene/a-olefin copolymer. 
The catalyst system used comprises a solid catalyst component and an organoaluminum compound, 
the solid catalyst component containing at least magnesium and titanium. The solid catalyst component is 
obtained by supporting a titanium compound on an inorganic solid compound containing magnesium by a 

;s known method. Examples of magnesium-containing inorganic solid compounds include metallic magnesium, 
magnesium hydroxide, magnesium oxide and magnesium salts such as magnesium carbonate and 
magnesium chloride, as well as double salts, double oxides, carbonates, chlorides and hydroxides, which 
contain magnesium and an element selected from silicon, aluminum and calcium. Further, these magne- 
sium-containing inorganic solid compounds after treatment or reaction with oxygen-containing compounds, 

20 sulfur-containing compounds, aromatic hydrocarbons or halogen-containing substances may be used. 

As examples of the above oxygen-containing compounds are mentioned water, organic oxygen- 
containing compounds such as alcohols, phenols, ketones, aldehydes, carboxylic acids, esters, polysilox- 
anes and acid amides, as well as inorganic oxygen-containing compounds such as metal alkoxides and 
metal oxychlorides. As examples of the above sulfur-containing compounds are mentioned organic sulfur- 

25 containing compounds such as thiols, thio-ethers and inorganic sulfur-containing compounds such as sulfur 
dioxide, sulfur trioxide and sulfuric acid. As examples of the above aromatic hydrocarbons are mentioned 
mono- and polycyclic aromatic hydrocarbons such as benzene, toluene, xylene, anthracene and phenanth- 
rene. As examples of the above halogen-containing compounds are mentioned chlorine, hydrogen chloride, 
metal chlorides and organic halides. 

so To illustrate the titanium compound, mention may be made of halides, alkoxy-halides, alkoxides and 
halogenated oxides, of titanium. Tetravalent and trivalent titanium compounds are preferred. As tetravalent 
titanium compounds are preferred those represented by the general formula Ti(OR)nX4_ n wherein R is an 
alkyl, aryl or aralkyl group having 1 to 20 carbon atoms, X is a halogen atom and n is an integer in the 
range 0 < n < 4, such as, for example, titanium tetrachloride, titanium tetrabromide, titanium tetraiodide, 

35 monomethoxytrichlorotitanium, dimethoxydichlorotitanium, trimethoxymonochlorotitanium, tetramethox- 
ytitanium, monoethoxytrichlorotitanium, diethoxydichlorotitanium, triethoxymonochlorotitanium, tetraethox- 
ytitanium, monoisopropoxytrichtorotitanium, diisopropoxydichlorotitanium, triisopropoxymonochlorotitanium, 
tetraisopropoxytitanium, monobutoxytrichlorotitanium, dibutoxydichlorotitanium, monopentoxytrich- 
lorotitanium, monophenoxytrichlorotitanium, diphenoxydichlorotitanium, triphenoxymonochlorotitanium and 

40 tetraphenoxytitanium. 

As examples of trivalent titanium compounds are mentioned titanium trihalides obtained by reducing 
titanium tetrahalides such as titanium tetrachloride and titanium tetrobromide with hydrogen, aluminum, 
titanium or an organometallic compound of a Group I - III metal in the Periodic Table, as well as trivalent 
titanium compounds obtained by reducing tetravalent alkoxy titanium halides of the general formula Ti(OR)- 
45 m X4- m with an organometallic compound of a Group I - III metal in the Periodic Table in which formula R is 
an alkyl, aryl or aralkyl group having 1 to 20 carbon atoms, X is a halogen atom and m is an integer in the 
range O < m < 4. 

Among these titanium compounds tetravalent titanium compounds are particularly preferred. 

As other examples of solid catalyst components are mentioned reaction products obtained by the 
so reaction of organomagnesium compounds such as so-called Grignard compounds with titanium compounds. 

As still other examples of solid catalyst components are mentioned solid products obtained by 
contacting inorganic oxides such as Si0 2 and Al 2 0 3 with the solid catalyst components containing at least 
magnesium and titanium. 

As prefered examples of the organoaluminum compound to be combined with the aforesaid solid 
55 catalyst component are mentioned those represented by the general formulae R3AI, R2AIX, RAIX2, R2AIOR, 
RAI(OR)X and R3AI2X3 wherein the Rs may be the same or different and each R is an alkyl, aryl or aralkyl 
group having 1 to 20 carbon atoms, X is a halogen atom; such as triethylaluminum. triisobutylaluminum, 
trihexylaluminum, trioctylaluminum, diethylaluminum chloride, diethylaluminum ethoxide, ethylaluminum 
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sesquichloride, and mixtures thereof. 

The amount of the organoaluminum compound used is not specially limited, and usually it is in the 
range of 0.1 to 1,000 mols per mol of the titanium compound. 

The copolymerization reaction is carried out in the same manner as in the conventional olefin 
polymerization reaction using a Ziegler type catalyst. More particularly, the reaction is performed in a 
substantially oxygen- and water-free condition in vapor phase, or in liquid phase in the presence of an inert 
solvent or using monomer per se as solvent. Olefin polymerizing conditions involve temperatures in the 
range of 20 • to 300 •C, preferably 40° to 200 4 C, and pressures in the range from normal pressure to 70 
kg/cm 2 G, preferably 2 to 60 kg/cm 2 G. The molecular weight can be adjusted to some extent by changing 
polymerization conditions such as polymerization temperature and catalyst component mol ratio, but the 
addition of hydrogen into the polymerization system is more effective for this purpose. Of course, two or 
more multi-stage polymerization reactions involving different polymerization conditions such as different 
hydrogen concentrations and different polymerization temperatures can be carried out without any trouble. 

It is necessary that the ethylene/a-olefin copolymer b) in the present invention thus produced exhibit the 
following properties: 

(i) a density of 0.860 to 0.910 g/cm 3 , preferably 0.890 to 0.905 g/cm 3 ; 

(ii) a maximum peak temperature of not lower than 100 *C, preferably not lower than 110°C, as 
measured by differential scanning calorimetry (DSC); and 

(iii) an insolubles content in boiling n-hexane of not lower than 10 wt%. 

If the density referred to above exceeds 0.910 g/cm 3 , the film obtained will not be greatly improved in 
its impact resistance. On the other hand, a density lower than 0.860 g/cm 3 will result in deteriorated strength 
of the film or result in sticky surface, thus causing blocking. 

If the maximum peak temperature as measured by DSC (hereinafter referred to as "Tm") is lower than 
100°C or if the insolubles content in boiling n-hexane (hereinafter referred to as "Ck insolubles content") is 
lower than 10 wt%, the film formed will be reduced in strength or will have a sticky surface, which causes 
blocking. 

The MFR of the ethylene/a-olefin copolymer is preferably in the range of 0.1 to 50 g/10 min, more 
preferably 1 to 20 g/10 min. 

The ethylene/a-olefin copolymer b) has both a highly crystalline portion and an amorphous portion and 
so it is a special copolymer which possesses both the mechanical strength and resistance to heat and oil of 
conventional crystalline polyolefins and the rubbery elasticity and flexibility of amorphous polymers. By 
blending it with the propylene polymer a) there is easily obtained a composition which retains in an 
extremely well-balanced state a variety of properties required for a packing film. The present inventors 
found out this fact. 

As ethylene/a-olefin copolymers of this sort available commercially heretofore there are a linear low- 
density polyethylene (LLDPE) and an ethylene-propylene copolymer rubber (EPR). 

However, the ethylene/a-olefin copolymer used in the present invention is clearly distinguished from 
such conventional LLDPE and EPR. For example, Fig. 1 shows crystal melting behaviors of typical LLDPE, 
the ethylene/a-olefin copolymer used in the present invention and EPR as determined by DSC. As is seen 
from the results shown therein, the LLDPE has a fairly high crystallinity and is superior in heat resistance 
and mechanical strength to the ethylene/a-olefin copolymer used in the present invention, but is poor in 
flexibility and inferior in impact resistance. 

On the other hand, the EPR, which is available commercially and prepared by using a solid catalyst 
containing vanadium as a main component, exhibits little crystallinity. Even if a crystalline portion is present, 
it is extremely small, and its Tm as measured by DSC is far lower than 100°C. Although the EPR is not 
deficient in flexibility and impact resistance, which deficiency is recognized in the above LLDPE, it is low in 
heat resistance and mecha-nical strength. 

The following are the method for measuring Tm by DSC and the method for determining Cs insolubles 
content in the present invention. 

(Measurement of Tm by DSC) 

About 5 mg of a specimen is weighed from a hot-pressed 100 urn thick film. Then, it is set on a 
differential scanning calorimeter. The temperature is raised to 170*C, at which temperature the specimen is 
held for 15 minutes. Thereafter, the specimen is cooled to 0*C at a rate of 2.5'C/min. Next, from this state 
the temperature is raised to 170° C at a rate of 10'C/min. The temperature at the vertex position of the 
maximum peak which appeared during the heat-up period from *C to 170'C is regarded as Tm. 
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Determination of Ce insolubles content 

A 200 um thick sheet is formed using a hot press, from which are cut out three 20 mm x 30 mm 
sheets. Using these sheets, extraction is made in boiling n-hexane for 5 hours by means of a double tube 
5 type Soxhlet extractor. Then, the insolubles are taken out and vacuum-dried (50 °C, 7 hours), thereafter Cs 
insolubles content is calculated in accordance with the following equation: 

C- insolubles Sheet weight after extraction 



content (wt%) Sheet weight before extraction 

Proportions of the components a) and b) are 95-99.5 wt% component a) and 0.5-5 wt% component b), 
75 preferably 95-99 wt% component a) and 1-5 wt% component b). An amount of component b) exceeding 20 

wt% will cause deterioration in mechanical characteristics, particularly tensile strength and rigidity. On the 

other hand, if the amount of component b) is smaller than 0.5 wt%, it will be impossible to attain the object 

of improving the impact resistance. 

For blending the components a) and b) there may be adopted any known technique. According to a 
20 typical example, the blending is performed by dry blending or melt mixing, using a tumbler or kneading 

machine such as a Henschel mixer and an extruder. 

After the components a) and b) are mixed together in desired proportions, the resulting mixture is 

formed into film mainly by an inflation method or a T-die method. Particularly, the T-die method is 

preferred. The thickness of the film is preferably in the range of 10-150 um. 
25 Where required, fillers such as carbon black, calcium carbonate, silica and metallic fibers, and/or 

conventional additives such as anti-oxidant, flame retardant, coloring agent, antistatic agent, lubricant, 

ultraviolet absorber, dispersant and nucleating agent, may be added at the time of melt mixing of the 

components a) and b). 

Since the polypropylene film of the present invention is formed using a composition of a propylene 
30 polymer and a specific ethylene/a-olefin copolymer incorporated therein, it is superior particularly in the 
balance between tensile modulus and impact resistance in addition to high transparency and heat- 
sealability. Therefore, the polypropylene film of the present invention is suitable for packaging, especially 
for automatic packaging bags, and also fully useful under low temperature conditions. For this reason it is 
utilized effectively as a packaging material for frozen foods. 

35 

Examples and Comparative Examples 

The present invention will be described below in terms of working examples thereof and comparative 
examples. 

40 The following polymers were used as components a) and b) in the working examples and comparative 
examples. 

Component a): 
45 (A) Polypropylene (1) 

(MFR 8.0 g/10 min, trade name: Nisseki Polypro F150J, a product of Nippon Petrochemical Co., Ltd.) 
(B) Polypropylene (2) 

50 

(MFR 7.0 g/10min, trade name: Nisseki Polypro F450J, a product of Nippon Petrochemicals Co., Ltd.) 

Component b): 

55 (C) Ethylene/1 -Butene Copolymer 

An ethylene/1 -butene copolymer was prepared by the copolymerization of ethylene and 1 -butene, using 
a catalyst consisting of a solid catalyst component and triethylaluminum, the solid catalyst component 
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having been obtained from substantially anhydrous magnesium chloride, 1,2-dichloroethane and titanium 
tetrachloride. 

The ethylene/1 -butene copolymer thus prepared had a 1-butene content of 10 mol%, a density of 0.905 
g/cm 3 , a Tm of 121 °C ( a Cs insolubles content of 82 wt% and an MFR of 5.0 g/10 min. 

5 

(D) Ethylene/1 -Butene Copolymer Rubber 

An ethylene/1 -butene copolymer rubber was prepared using a vanadyl trichloride - ethylaluminum 
sesquichloride catalyst. This copolymer rubber had a 1-butene content of 5 mol%, a density of 0.895 
io g/cm 3 t a Tm of 81 "C, a C e insolubles content of 1.5 wt% and an MFR of 3.5 g/10 min. 

(E) Linear Low-density Polyethylene 

(Density 0.922 g/cm 3 , MFR 2.0 g/10 min, trade name: Nisseki Linirex AF 3310, a product of Nippon 
75 Petrochemicals Co., Ltd.) 

Examples 1 - 3, Comparative Examples 1 - 5 

The polymer (A) as component a) and the polymer (C), (D), or (E) as component b) were dry-blended in 
20 predetermined proportions and the resultant blend was melt-extruded at 240 °C by a T-die method using an 
extruder having a cylinder bore of 50 mm and a screw length/diameter ratio of 22 to form a 30 urn thick 
film. In this way there were prepared like films in such compositions as shown in Table 1. Properties of the 
films are also set forth in the same table. 

The properties of the films were measured by the following methods. 

25 

(Haze) 

Measured according to ASTM D 1003. 
30 (Yield Strength), (Tensile Strength at Break), (Elongation at Break) 
Measured according to ASTM D 882. 
(Tensile Modulus) 

35 

Using an Instron tensile tester, each film was pulled under the conditions of a film width of 20 mm, a 
distance between grips of 250 mm and a speed of testing of 25 mm/min, and its tensile modulus was 
determined from a load corresponding to 1% deformation of the film. 

40 (Impact Strength) 

A 12.7 mm (1/2 inch) diameter ball was adopted as the impact point of a pendulum-type impact tester 
(a product of K.K. Toyo Seiki Seisaku-sho) and using this impact tester, each film was measured for impact 
strength at break at 5 0 C. 

45 

(Heat-Sealing Temperature) 

From the films formed there were obtained 15 mm wide strips longitudinally parallel with the extrusion 
direction (machine direction: MD), and using two of these strips as one set, heat sealing was performed in a 
so direction perpendicular to the MD (transverse direction: TD ) under the conditions of a heating bar width of 
5 mm, a sealing pressure of 2 kgf/cm 2 and a sealing time of 1 sec, to prepare a specimen. This specimen 
was peeled off at a speed of testing of 300 mm/min using an Instron tensile tester and the temperature at 
which there was obtained a peel strength of 300 gf/15 mm-width was determined to be a heat-sealing 
temperature. 

55 
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70 



Example 4, Comparative Examples 6 - 8 

The polymer (B) as component a) and the polymer (C), (D) or (E) as component b) were dry-blended in 
predetermined proportions and the resulting blend was extruded at 210 -C by a water-cooling inflation 
method using an extruder having a cylinder bore of 50 mm and a screw length/diameter ratio of 24, and a 
30 urn thick film was formed at a blow-up ratio of 1.5 and a water temperature of 25 -C. In this way there 
were prepared like films in such compositions as shown in Table 1 . Properties of the films are also set forth 
in the same table. 

In all of the working Examples of the present invention, as is apparent from Table 1, there were 
obtained films superior in transparency, heat-sealability and also superior in tensile modulus and impact 
resistance. On the other hand, it is apparent that the films obtained in the comparative Examples are inferior 
in the balance between tensile modulus and impact resistance. 

Nisseki Polypro and Nisseki Linirex are trade marks which may be registered in some or all of the 
territories designated by this application. 
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Claims 

55 

1. A polypropylene film comprising a) 95-99.5% by weight of a propylene polymer having a melt flow rate 
of from 0.1 to 30 g/min and b) 0.5-5% by weight of an ethylene/a-olefin copolymer prepared by the 
copolymerization of ethylene and an c-olefin having 4 to 12 carbon atoms, said ethylene/a-olefin 
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copolymer satisfying the following conditions (i) to (iii): 
(t) a density of 0.860 to 0.910 g/cm 3 ; 

(ii) a maximum peak temperature of not lower than 100-C as measured by differential scanning 
calorimetry (DSC); and . 
s (iii) an insolubles content in boiling n-hexane of not lower than 10% by weight. 

2. A polypropylene film as set forth in Claim 1 , wherein said propylene polymer is homopolypropylene. 

3. A polypropylene film as set forth in Claim 1, wherein said «-olefin is 1-butene, 4-methyM-pentene, 1- 
/o hexene, 1-octene, 1-decene, or 1-dodecene. 

4. A polypropylene film as set forth in Claim 1 , wherein said a-olefin is 1-butene. 
Patentanspruche 

75 

1. Po| y p ^ Propylenpolymer mit einer SchmelzfluBgeschwindigkeit von 0.1 bis 30 g/min 

oW) 5 bis 5 Gew.-% Ethylen/a-Olefin-Copolymer, das durch Copolymerisation von , Ethylen und 
20 einem a-Olefin mit 4 bis 12 Kohlenstoffatomen hergestellt wird, wobei das Ethylen/«-Olef.n-Copoly- 

mer folgende Bedingungen erfullt: 

(i) Dichte von 0.860 -0,910 g/cm 3 , . DM ^ mrta «i..r 

(ii) eine mittels Differential-Scanning-Kalorimetrie (DSC) gemessene max.male Peaktemperatur 

nicht unterhalb von 100 *C und 
25 (iii) einen Gehalt an in siedendem Hexan unloslichen Bestandteilen n.cht unterhalb von 10 Gew.- 

%. 

2. Propylenfilm gemSB Anspruch 1 , bei dem das Propylenploymer ein Homopolypropylen ist. 

30 3. Propylenfilm gemaB Anspruch 1, bei dem das a-Olefin 1-Buten, 4-MethyM-penten, 1-Hexen, 1-Octen, 
1-Decen oder 1-Dodecen ist. 

4. Polypropylenfilm gemSB Anspruch 1, bei dem das a-Olefin 1-Buten ist. 
35 Revendications 

1. Film de polypropylene, qui comprend (a) 95 a 99,5% en poids d'un polymere *° VW®™?**™ 
indice de fluidite compris entre 0.1 et 30 g/mn, et (b) 0,5 a 5% en poids d'un copolymer d ethylene et 
d'a-olefine prepare par copolymerisation d'ethylene et d^une a-olefine ayant 4 a 12 atomes de carbone. 

40 ce copolymer d'ethylene et d'a-olefine satisfaisant aux conditions (i) a (hi) suivantes: 

(i) une densiti dans la gamme de 0,860 g/cm 3 a 0,910 g/cm 3 ; 

(ii) une temperature de pic maximum d'au moins 100'C telle qu'elle est mesuree par calonmetr.e 

differentielle a balayage (CDB); et ...... . < no , ~ Me 

(iii) une teneur en matieres insolubles dans le n-hexane a ebullition d au moms 10 /. en poids. 

2. Film de polypropylene suivant la revendication 1, dans lequel ce polymere de propylene est un 
homopolymere. 

3. Film de polypropylene suivant la revendication 1, dans lequel cette a-olefine est le 1-butene, le 4- 
so methyl-1 -pentene, le 1 -hexene, le 1 -octene. le 1 -decene ou le 1 -dodecene. 

4. Film de polypropylene suivant la revendication 1 , dans lequel cette a-olefine est le 1-butene. 
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FIG. I 



DSC MEASUREMENT OF ETHYLENE COPOLYMERS 
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2: ETHYLENE -a- OLEFIN COPOLYMER 
(USED IN THE PRESENT INVENTION) 
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